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We have devised, in guinea pigs, an improved ATPase 
technique which enables one to proceed from light to 
electron microscope study while preserving, on the ul-
trastructural level, the various membranous structures, 
in particular the Langerhans cell (LC) granules. Using 
this method, we have been able to confirm the action of 
acute, low-dose UVB on the surface enzymatic marker, 
A TPase. Moreover, this study has shown that the AT-
Pase-negative LC contain abnormal LC granules or, 
more often, are deficient in LC granules. In a previous 
work, we have shown that, after epicutaneous applica-
tion of a hapten, one successively observes an extensive 
adsorptive pinocytosis process, the disappearance of the 
membranous ATPase system, and the appearance of LC 
granules in the cytoplasm. Therefore we may suppose 
that, after UVB irradiation, the disappearance of the 
A TPase system and/or the possible alteration of the 
adsorptive pinocytosis process interrupts or alters the 
formation of LC granules. These successive events might 
play a vital role in the formation of the hapten-carrier 
protein-Ia antigen complex. In their absence in a large 
number of LC, following UV irradiation, epicutaneous 
application of a hapten would lead to the development 
of a state of immune tolerance. 
Immunologic properties of Langerhans cells (LC) are per-
turbed by UV, in particular by UVB (rev iewed in [1]). Thus in 
vitro UVB changes t he capacity of LC to present antigen, to 
stimulate the epidermal cell-lymphocyte reaction or to induce 
cytotoxic lymphocytes. In vivo, irradiation of t he skin by acute, 
low-dose UVB causes-for certain wavelengths on ly [2]-a 
drop in t he density of ATPase-positive LC in the irradiated 
a rea. Application of a hapten to ski n thus a rtificially "defi-
cient"* in LC (or naturally "defic ient" as in mouse tai l epider-
mis) leads- in certain strain of mice- to the development of a 
hapten-specific tolerance involving suppressor T cells. This 
irradiation, however, does not induce a systemic immune 
s uppression which requires high -dose UVB and proves inde-
pendent of the density a nd morphology of LC both in the 
irradiated area and in the unirradiated zo ne of contact sensiti-
zation (2]. Finally, irradiation by UVB of epidermal cells, prior 
to haptenation , destroys t he ir capacity to induce contact sen-
s itivity by the subcutaneous pathway and induces instead a 
state of spec ific to lerance. All t hese examples demonstrate the 
extreme sensit ivity of LC to UV irradia tion and stress t he 
importance of this fact from a n immunologic point of view. 
We have developed in guinea pigs an improved ATPase 
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technique which enables one to proceed from light to electron 
microscopy while conserving on the ultrastructural level the 
various membrane structures, in particular the LC granu les 
[i']. This technique has enabled us to confirm by electron 
microscopy the results obtained by Aberer et al [3] (who did 
not, however, reveal t he membranous ATPase activity on the 
ultrastructural level), that is to say, the action of UVB on the 
LC enzymatic surface marker, ATPase. Although some cell s 
sti ll possess a weak ATPase activity and contain a few normal 
or already abnormal granules, the ATPase-negative LC are 
either deficient in granules or contain on ly abnormal granules. 
MATERIALS AND METHODS 
Animals 
Female albino Himalayan spotted guinea pigs, weighing 300-400 g, 
were used. They were kindly supplied by the Institut fii r Biologische 
und Medizinische Forschung, Fiillingsdorf, Switzerland. 
Ultraviolet Irradiation. 
The light source (Westinghouse sunlamp, model FS20) consisted of 
2 light tubes emitting wavelengths in the sunburn spectrum (290-320 
nm) with a pea k at 313 nm. The trrad1ance ;~t the ta rgets was 8.6 x 
10-2 m W j cm 2 at a distance of 45 em from the light source. UV radiation 
was directed at a square 2.5 X 2.5 em of previously shaven f1ank skin, 
on 4 successive days, for 8.5 min each day, this treatment representing 
a daily radiation dose of 44 mJ /cm2 . 
A TPase LC Staining and Electron Microscope Studies 
Samples were taken with a 6-mm punch in the irradiated zone 
immediately after the last UV exposure. As described in detai l else-
where, the samples were incubated for 2- 2'12 h in EDTA. After this 
treatment, the epidermis cou ld be separated from the dermis by simple 
traction. The epidermis was then washed m phosphate-buffered saline, 
fixed in cacodylate-buffered formaldehyde, washed again in saline, and 
incubated at 37"C for 5 min in a solution containi ng 10 mg ATP 
disodium salt (Sigma) , 5 ml 5% MgSO, , 3 ml 2% Pb (N0,1) 2, and 42 ml 
Trismal buffer containing 8.55% sucrose at pH 7.3. The epidermis was 
then rewashed in saline and treated with ammonium sulfide. A final 
wash in sa line preceded fixation of the ep idermal fragments according 
to Ta kahashi's method [4]. After the samples had been dehydrated and 
embedded in Epon , ul t rathin sections, stained with lead citrate and 
uranyl acetate, were examined under a Siemens Elmiscop 102 electron 
microscope. 
RESULTS 
Under t he electron microscope, LC of sound sk in show a 
regular and important labeling by lead sulfide granulations at 
their periphery (Fig 1). After exposure to UV radiation very 
few LC are necrotic; while under the light microscope the 
density of ATPase-positive LC drops, under the electron mi-
croscope the majority of LC show few or no lead sulfide gran-
ulations, indicating t hat the membranous ATPase reaction is 
weak or absent (Fig 2a) . The outlines of these cells frequently 
show numerous lamellipodes. In many LC there are important 
t Hanau D, Fabre M, Stamp!' JL, Grosshans E, Benezra C: ATPase 
Langerhans cell staining in the guinea pig epidermis: a technique 
allowing to proceed fron light. to electron microscope observation (sub-
mitted for publication) . 
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FIG J. Untreated guinea pig epiderm is a fter revelation of t he mem -
branous ATPase activ ity of LC. Note the regu lar and important pe-
riphera l labeli ng of this LC by lead su lfide gra nulations. 
signs of synthesis, as ev idenced by their highly developed 
ergastoplasm and the numerous free ribosomes (Fig 3). T hese 
ce lls also contain many vacuoles of varying size and more or 
less numerous and voluminous multivesicular bodies. There is 
an unequa l distribution of LC granu les. While in LC with weak 
ATPase activity "normal" LC granules are rarely encountered 
(Fig 4), in ATPase-negative LC the "normal" LC granu les are 
totally lacki ng. In t hese two types of cells, however, we some-
times observe granules the internal structu re of which is altered 
(i.e. , gran ules without a regu lar central linear striated density 
or with a central diffuse zone weakly diffracting t he electrons) 
(Figs 2b, Sa). 
DISCUSSION 
Controve rsy exists in the literature as to the nature of the 
effects of UVB on LC. Thus some investigators claim that UVB 
damages the LC membrane [5] or depletes the LC population 
[2,6], while others believe that it depletes on ly LC surface 
markers [3]. Our present results a re in accordance with the last 
interpretation, since we observe under the electron microscope 
a large number of ATPase-negative LC which , far from being 
damaged, more often appear to be in a phase of synthetic 
activity, sometimes even of phagocytosis. Furthermore, the 
ATPase-negative LC are genera lly deficient in LC granules or 
contain abnormal granules, which result seems to establish a 
link between the membranous ATPase system and the forma-
tion of LC granules. In fact , in an electron microscope study 
(manusc ript in preparation) of the fate of LC during the first 
60 min following epicutaneous application of dinitrof1uoroben-
zene (DNFB), we have obse rved several striking modifications 
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FIG 2. Guinea pig epidermis after revelation of the membranous 
ATPase activity of LC. UVB (4 x 44 m,Jfcm2). a, An ATPase- negative 
LC. Note the peripheral lamellipodes a nd, in the cytoplasm, the pres-
ence of numerous vacuoles and a few LC granules. b, A higher magni-
fication of these granules shows that they are atypical due to the 
absence of a well -defined centra l linear density. 
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FIG 3. Guinea pig epidermis a fter revelation of the membranous 
ATPase activity of LC. UVB (4 x 44 m.Jjcm2). Not.e the high number, 
in the cytoplasm, of ribosomes which are eit her linked to t he reticulum 
membranes or free. The !att.e r seem involved in the synthesis of 
intermediate filam ents (arrow). 
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of the plasma membrane and cytoplasm of LC, in particular: 
(1) 15 min after applying DNFB, numerous coated vesicles 
appear in the vicinity of the plasma membrane in a few LC, 
and (2) 1 h after applying the hapten, some LC become ATPase 
negative; this loss of ATPase activity is accompanied by the 
formation of numerous LC granules in the cytoplasm [7) . 
Thus there seems to be a link in LC between an adsorpt ive 
pinocytosis process, the "disappearance" of the membrane AT-
Pase system, and the appearance of LC granules in the cyto-
FIG 5. Guinea pig epidermis afte r revelat ion of t he membra nous 
ATPase activity of LC. Compare (a) the atypical aspect of LC granules 
(arrows) in an ATPase-negative LC (UVB, 4 X 44 mJ/ cm2) a nd (b) the 
classical aspect of t he LC granules (arrows) in an unirradiated LC. 
FIG 4. Guinea pig epidermis afte r 
revelation of the membranous A TPase 
activi ty of LC. UVB (4 x 44 mJ /cm2). 
LC with moderate ATPase activity and 
conta ining some LC granules. Inset, A 
higher magnification of these granules 
reveals a norma l aspect with a cen t ra l 
linear striated density. 
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plasm .:j: Therefore it is possible t hat in the a bsence of t he 
membra nous ATPase system , as a result of treatment by UVB, 
this success io n of membranous and cytoplas mic events is per-
turbed. So t he formation of n ew LC granules would be pre-
vented by a mechanism, as yet unkn own, resulting from the 
possible damage caused to t he adsorptive p inocytosis process 
and/ or from t he disappearance of t h e m embra nous ATPase 
system. These successive events might play a vital rol e in t he 
formation of the hapten-carrier protein- Ia antigen complex. In 
t he ir absence in a la rge number ofLC, following UV irradiation , 
epicutaneous application of a hapten would lead to t he devel-
opment of a state of immune tolerance. 
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